Municipal landfills remain the predominant and most economical method of waste disposal in Palestine; however present some potential public and environmental threats. This paper proposes a suggested bioreactor landfill project and presents the cleaner production as adequate remediation strategies for Palestinian landfills aiming at environmental protection and expansion of the landfills life cycle. The case of Ramallah municipal landfill (RML), one of the largest old uncontrolled, dumpsite in Palestine is discussed. The leachate quantity, characteristics, possible environmental impacts, leachate treatment and disposal and reasonable remediation options were investigated. Despite high organic contents in the municipal waste, the climate in Ramallah district (small annual rainfall, high evaporation rates and warm temperature) tends to produce concentrated leachate and small leachate quantities. However, infiltration and discharge of both leachate and stormwater without a prior reasonable treatment give rise to serious environmental problems including aquatic and public health risks. Containment of old dumpsites, applying a bioreactor landfill approach with leachate treatment and recycling, waste recycling and cleaner production in the industrial sector form sustainable options for environmental protection. Lastly, the feasibility and cost effectiveness of possible remediation options are analyzed.
INTRODUCTION
Each of Palestine's 3 million people generates over 0.85 kg of municipal solid waste (MSW) per day, for a yearly countrywide total of around I million ton. Since the passage of the 1999 Environmental Act, recycling has not grown yet dramatically and Palestine still experiences a substantial increment in landfilling. In 1997, of the I million ton of To move Mediterranean countries (Jordan, Palestine and Israel) into the century of integrated and sustainable solid waste management, further reductions in landfilling are needed. One promising approach is the mass processing of municipal solid waste in "bioreactor" landfills. Under this model, landfills become "bioreactor" processing facilities where the waste is actively digested, rather than "dry tombs" where the waste decomposes slowly (Fig. 1 ). Using this approach, the life of landfills can be greatly extended, perhaps indefinitely. The proposed project will develop and demonstrate a scaled-up, fully instrumented landfill cell, engineered from the start as a bioreactor facility. The project would be constructed at Ramallah Municipal Landfill, with related works conducted at Birzeit University campus and the Sanitary Landfill of Albireh city (West Bank, Palestine). Both landfill sites in Ramallah and Albireh cities have been put into operation since 1977. These sites were neither designed as engineered sanitary landfills taking into account international environmental standards nor operated/monitored adequately to reduce possible negative impacts on public health and aquatic environment.
Figure 1. Open uncontrolled municipal dumpsite in Jenin District, West Bank, Palestine
The operation of municipal solid waste landfills as bioreactors has been practiced to some extent at many landfills throughout the United States (Reinhart and Townsend, 1997) . The level to which bioreactor landfill operation has been implemented, however, has most commonly been limited to some form of leachate recirculation. Thus, experience is 
A few studies have investigated areas of bioreactor landfill operation at the full-scale level beyond simple operation of leachate recirculation systems. One of the first systems was operated in Florida, at the Southwest Landfill in Alachua County. University of Florida researchers operated segments of the existing sanitary landfill as a bioreactor treatment system. However, the landfill was not designed with leachate recirculation in mind. A variety of leachate recirculation methods were employed (Townsend et al., 1995). Solid waste samples were collected from treated and untreated areas within the landfill, and the degree of waste treatment was measured (Miller et al., 1993). This research demonstrated that waste treatment was rapidly accelerated by leachate recirculation.

A small-scale, experimental bioreactor landfill system was recently constructed in Yolo County, California (Reinhart and Townsend, I 997). This facility, constructed in an area ofI00 ft. by I 00 ft, was designed to carry out leachate recirculation, and instrumentation was installed to measure leachate head on the liner and landfill temperature.
We will present a suggested project entailing application of bioreactor landfill with special emphasis on main goal, objectives, methodology and expected outputs. Further more, the experience in the field of cleaner production and waste recycling will also be presented and discussed. The Department of Technology/Kalmar University (DTKU) and the Institute for Water Studies (IWS) will select Albireh-Ramallah Landfills (ARAL), in the. West Bank, Palestine, as the sites to conduct this demonstration project. This paper presents an initial plan for demonstrating bioreactor landfill technology in tow cells I and 2 at the ARAL. The demonstration will include the recirculation of leachate, the ability to inject air into the landfill, and the ability to collect the majority of the gaseous emissions from the landfill. The landfill bioreactor will be instrumented for the purpose of collecting in-situ measurements of such parameters as leachate head on the liner, moisture content and temperature of the waste. This project will result in a full-scale landfill being operated as a solid waste treatment system. The information and data collected will allow the technology to be fully evaluated as a method for managing solid waste in Palestine.
GOALS AND OBJECTIVES
The primary goal of the landfill bioreactor demonstration project is to: Design, construct, operate, and monitor a full-scale landfill bioreactor in Ramallah municipal landfill (RML) in a manner that permits a complete and fair evaluation of this technology as a method of solid waste management in Palestine, with appropriate consideration of science, engineering, environmental and economical issues.
The objectives of the landfill bioreactor demonstration are to:
• Design and operate an engineered bioreactor using innovative techniques and concepts.
• Design and operate the bioreactor in an appropriate manner to control and measure the major inputs and outputs.
• Evaluate the use of aerobic bioreactor landfill technology and compare the aerobic approach to the use of anaerobic bioreactor technology.
• Instrument the landfill bioreactor to permit in-situ monitoring of bioreactor activity and to measure previously unmeasured information (e.g. leachate head on the liner).
• Monitor the bioreactor in a manner to measure the impact of bioreactor activities and to allow control of the waste treatment process.
• Collect data through instrumentation, field monitoring, and laboratory analysis that will enable the project team to assess the success of the project, the feasibility of this technology for other sites, and to enable the future design and operation. of landfill bioreactors in Palestine.
• Develop standardized design and operation procedures for this technology.
• Further define and quantify the true costs and benefits of landfill bioreactors. • Provide a resource and training ground for students in the Palestinian University Systems, landfill operators, and engineers in Palestine and neighbouring countries.
DESCRIPTION OF LANDFILL BIOREACTORAT ARAL
Ov erview
The landfill bioreactor demonstration project at Albireh-Rarnallah Landfill (ARAL) involves the modification of the existing landfill cells I and 2. These cells are contiguous and form one large lined area of approximately (0.1 ha). Approximately 0.20 ha (cell I and part of cell 2) will be dedicated as an active bioreactor area. A leachate recirculation system, an air injection system and a gas extraction system will be installed in this area. Instrumentation will be installed within the waste mass to assist in monitoring and control. Environmental sample collection and analysis, and field measurements, will be routinely performed to monitor the progress of bioreactor treatment. Instrumentation for
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Summary of Basic Project Components
The basic components of the ARAL bioreactor demonstration project include:
• A leachate recirculation system of wells will be installed in all of cell I and part of cell 2 (for a total of0.3 ha).
• The leachate collection system will be modified to allow collection of leachate from distinct areas within the landfill.
• A temporary membrane cap will be installed on the slopes and the top of the landfill area subjected to treatment • A combination air injection and gas extraction system will be installed. This will allow the landfill to be operated both aerobically and anaerobically, All gas emissions will be collected and characterized.
• Instrumentation, monitoring, and site management efforts will involve the ARAL administrative and operational staff, the researchers, and DoT staff. 
The project researchers in cooperation with the landfill operators and their engineers will
Site Management Plan
As part of the design and permitting process, a detailed Site Management Plan will be developed. Information included in this Site Management Plan will include, at a minimum, the following: 
• A plan for routine operation of the bioreactor, • A monitoring plan for ensuring the safe operation of the bioreactor. • A schedule for meetings of project personnel, • An identification of responsible parties,
• A procedure to coordinate research activities and visits to the site.
• A health and safety plan for project participants visiting or conducting work at the site. Table 2 , Table 1 
Research Activities
Numerous research activities will be coordinated with the design, construction, and operation of the ARAL facilities. The objectives of the researchers will be incorporated during the design of the landfill bioreactor, Research activities will include instrumentation of the landfill as a means to collect valuable in-situ information about bioreactor performance, Responsibilities for the installation, operation, and upkeep of such instrumentation will be delineated during the design phase and developed as part of the detailed operations plan, The current plans for instrumentation are included in Table I . The research will also involve the collection and analysis of numerous environmental samples ( e,g, leachate, gas, waste), and the measurement of bioreactor performance in the field (e,g, settlement, gas flow), Current plans for routine monitoring are included in
. Summary of instrumentation
/ instrumentation Location I Description
Liner and Leachate A series of pressure transducers will be installed directly on Collection System in an area top of the liner in cell 2. The purpose of the transducers will of Cell 2 be to measure the head, or depth of leachate, ponded on the liner, Two different types of transducers will be evaluated. A total of 64 stainless steel and 64 titanium transducers (supplied by KPSI and Druck, respectively) will be installed. Thirty of these transducers will be equipped with a temperature measurement option, The installation will be done in a 150 ft by 150 ft area in Cell 2. Five separate crosssections of the liner will be instrumented in this area. One of these cross-sections will be a side by side comparison of the stainless steel and the titanium transducers,
Monitoring Probes in Monitoring probes will be installed in numerous locations in Bioreactor Area
the active bioreactor area. These probes will contain instrumentation to help assess the degree of biological activity, the movement of leachate, and the movement of 
gases. At various depths in these probes, instrumentation and fluid conduit will be provided, including:
Moisture sensors to track the distribution of water as a function of leachate recirculation activities and movement of gases.
Temperature to track the de gr ee of biological activity in the waste. Temperature will also be a key parameter in controlling the bioreactor operation. Gas sample ports to measure the concentration and pressure of gases mi gr ating through the bioreactor.
Leachate Collection System
Flow meters will be installed in each leachate collection Manholes system manhole to continuously measure the flow of leachate from se gr egated areas of the landfill. 
Gaseous Emissions
Gas emissions from the landfill will be measured routinely as part of the operation of the bioreactor for CH;, CO 2 , 0 2 , and N 2 . Samples will also be collected at times to measure NMOCs, H 2 S, and N 2 0.
Solid Waste Solid waste samples will be collected to directly assess the de gr ee of stabilization. Parameters to be evaluated include: I • Establish Bioreactor Web Site
Obj ective : Design and operate the bioreactor in a manner to control and measure the major inputs and outputs.
A major limitation in the data collected from full-scale bioreactor project to date is the inability to capture and measure all inputs and outputs. This is especially true with gas emissions in both aerobic and anaerobic systems. The landfill bioreactor at the ARAL will be equipped with a geomembrane cap to collect gas emissions from the surface. The leachate collection system will be utilized to monitor gas inputs and outputs. Leachate production will be measured on the basis of each individual leachate collection line. All landfill inputs will be measured using state of the art techniques. Thus all major inputs and outputs will be measured to the best of the project team's ability.
Deliverables:
• Description of inputs and outputs in periodic reports.
• Presentation of data in periodic reports.
Obj ective: Evaluate the use of aerobic bioreactor landfill technology and compare the aerobic approach to the use of anaerobic bioreactor technology.
As previously stated, the system will be designed in a flexible manner such that it can be operated either aerobically or anaerobically. The impact of each of the technologies will be evaluated by operating some areas of the bioreactor aerobically, while others are operated anaerobically. The impact of these operation schemes on the bioreactor process will be measured through the instrumentation and monitoring described in Tables I and  2 .
Deliverables: Presentation of data in periodic reports.
Obj ective: Instrument the landfill bioreactor to permit in-situ monitoring of bioreactor activity and to measure previously unmeasured information (e.g. leachate head on the liner). Table 1 .
Instrumentation will be installed for in-situ monitoring of landfill parameters. This instrumentation includes transducers for measuring head on the liner, and monitoring probes for measuring waste temperature and moisture content. Additional information on instrumentation is presented in
Deliverables: • Statement of successful placement and operation of instrumentation and equipment.
• Presentation of data in periodic reports. treatment of landfilled waste. This will also provide a mechanism to assess and control  the waste treatment process. Leachate quality will be routinely measured to address the  impact of operation on leachate quality and potential leachate treatment costs. The  composition of gaseous emissions will be routinely measured, as will the settlement of  the waste mass and the degree of biological stabilization of the solid waste. The  parameters measured will be used to control the waste treatment process. For example,  temperature and gas concentration will be measured using the monitoring probes as a  means to evaluate and control the rate of air injection into a given area of the landfill. Deliverables:
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Objective: Monitor the bioreactor in a manner that measures the impact of bioreactor activities and to allows the control of the waste treatment process ( e.g. leachate and gas composition and generation, waste characteristics, settlement).
The landfill will be monitored to measure the impact of bioreactor operations on the
• Models for use in generating protocols for controlling the waste treatment process.
• Protocols for controlling the waste treatment process
• Methodology for quantifying settlement.
• Presentation of data in periodic reports.
Objectiv e: Collect data through instrumentation, field monitoring, and laboratory analysis that will enable the project team to assess the success of the project, the feasibility of this technology for other sites, and to enable the future design and operation of landfill bioreactors in Palestine.
The data collected through the instrumentation (Table 1) and field/laboratory monitoring (Table 2) will be used to assess the success of the project. The rapid stabilization of the landfilled waste will be determined by measuring gas production, landfill settlement, and waste decomposition. Different treatment strategies will be evaluated for relative success in this manner.
Deliverableso :
• Presentation of data in periodic reports.
Objectiv e : Develop standardized design and operation procedures for this technology.
The researchers will develop standardized design and operating procedures using the data collected from the study. This will also include the collection of data to allow the development of engineering models for bioreactor landfill simulation. Design procedures include the design of injection and extraction wells, spacing of such wells, design of leachate collection systems in bioreactor landfills, and the design of a gas collection cap.
Deliverables: 
• Models for use in generating protocols for standard operating procedures
• Standard operating procedures • Simulation models for physical, chemical and biological processes in landfill
bioreactor.
• Presentation of data in periodic reports.
Objective : Further define and quantify the true costs and benefits of landfill bioreactors.   A major goal of the project is to quantify the actual operational costs of the bioreactor  landfill, both aerobic and anaerobic. The costs needed to operate a bioreactor will be determined. The benefits will be quantified as much as possible. Expected benefits include increased landfill settlement and the resulting gain in landfill capacity. Other benefit issues to be addressed will include the landfill siting minimization and the possibility of a reduction in post-closure care.
Deliverables: • Methodology for preparation of cost/benefit analysis • Periodic cost/benefit projection reports throughout project • Project's Final Report to include a Cost/Benefit Chapter describing potential impact of bioreactor landfill on post-closure care costs and financial responsibility regulations
Objective: Provide a resource and training ground for students in the State University System, landfill operators, and engineers in Palestine.
In addition to the students directly involved with the project research, the demonstration project will also an opportunity for all students at BZU to learn about bioreactor landfill technology. The DoT will sponsor a series of meetings specifically for BZU students that include both classroom presentations and visits to the site.
The project team will also explore other funding sources for summer student coops working on the project.
The information gathered in the project will be disseminated in a manner that will benefit interested landfill operators and engineers. Once the project is established, training courses coordinated by the DoT will be held at the landfill site for landfill operators. The researchers will also provide training courses with special emphasis on design and operating procedures based on the results obtained from the project. The information gathered in the project will be routinely presented to the solid waste community in Palestine, at such forums as technical advisory group meetings. All of the informationo · gathered in the project will be made available as part of the project's web site.
Deliverables: generating significant pollution loads (Shramm, 1997) . , and is followed, in order, by  recycling, treatment, and disposal (USEP A, 1992) . process water was used (cycle number) the average concentrations of COD were  decreased (Fi gur es 2) . found that the average water consumption per ton of hides was reduced when  implementing the modified unhairing-liming method. It was also noticed, that a decrease  in the wastewater production, as water consumption was decreased . .,
CAS E STUDI ES ON CLEAN E R PRODUCTION
Cl ean er production in th e leath er industry
Tanning industry is considered one of the heavy polluting industries in Palestine. Treatment of animal hides and skins comprises the preparation and processing of this raw material, using large amounts of chemicals and enonnous volumes of water and
In Palestine there are 18 tanneries, ten of them are in Hebron city. The tanneries in Hebron city are all small. Tanning and its associated operations can be a source of considerable environmental impact. Air and water pollution, widespread odors, poisoning from toxic gas, and unsafe disposal of waste are among the problems that have been experienced to a greater or lesser extent in the tanning industry. Industries today must remain profitable in an increasingly competitive world, while accounting for the environmental degradation caused by their production processes and products. Cleaner production meets this dual objective (UNEP, 199 1). Low cost modifications to current tanning practices can potentially reduce the pollutants and waste materials discharged with the solid waste and wastewater streams.
Conceptually, pollution prevention has always been simple. Find the source of the environmental problem, and change the source to reduce or eliminate the problem. The objective? To reduce risk to workers, communities, and the environment by preventing pollution where it is first generated. Operationally, pollution prevention has been defined as the top of an environmental protection hierarchy
The environmental impacts of the tanning industry are generally significant with outputs of wastes, i. e. high concentrations of organics, salts and heavy metals (chromium), both in solid and liquid fonn as a result. In order to bring the tanning industry more in line with present environmental thinking, various methods have been devised to reduced impacts.
Nazer et al., (2004) proposed a modification method for the unhairing-liming of hides where the unhairing-liming liquids were reused several times after adjustment of the needed concentrations of chemicals. The study, aimed also at reducing the costs of the unhairing-liming process.
Experiments were carried out at lab-scale with a simulation apparatus designed for the purpose. The present value approach was used to evaluate the economic feasibility of the modified method. It was found that the modified method required some investment in new equipment and was a little more labor intensive as compared with the conventional method. However, the modified one revealed savings in water and chemicals as well as reductions in wastewater treatment cost. The modified method allowed for five times reuse of the unhairing-liming liquor without affecting the quality of the final product.
Environmental Impact of COD and wastewater production
It can be seen that the average COD loads emitted per ton of hides were reduced when the eflluent of the unhairing--liming process was recycled and reduced quantities of chemicals were added. It was also found that by increasing the number of times the
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Figure 2. Relation between COD load emitted per ton of hides and number of times the process effluent was used (cycle number). N = number of samples. COD values are as mean (standard deviation).
Figure 3. Relation between sulfate loads emitted per ton of hides and number of times the process effluent was used ( cycle number). N =number of samples. Sulfate values are as mean (standard deviation).
The net present value method (NPV) was used to evaluate the feasibility of the modified method. All calculations are carried out for a tannery processing one ton of hides per day and working 250 days per year taking into consideration the weekends, national and religious holidays. The results revealed that more than I O 000 US$ can be saved by adopting the modified method with five cycles compared with only one cycle. Our case on cleaner production could be applied in a similar way to reduce solid waste streams or to utilize alternative raw processing materials in order to minimize landfilling of waste loads.
CONCLUSIONS
Bioreactor landfill technology is being successfully employed in a number of locations throughout the world, and its superior properties compared with conventional dry landfills are earning the acknowledgement of communities and decision makers. Developing countries have particularly serious problems, related not only to lack of
adequate sanitary landfills but also to lack of cleaner production applications. Cleaner production techniques have been employed for a long time, and various approaches and success stories have resulted, but the skilful use of waste minimization techniques and other unused recyclable materials will become more important in the future. Bioreactor landfill is a unique technology, developed based on technologies for handling combustibles and supported by numerous successful experiments in waste processing. Based on the data presented in this paper, five concepts were identified as top priority research needs in the landfill area to be addressed by the Palestinian solid and hazardous wastes related institutions. These needs are the followings:
• Leachate and gas characterization, quantification and management • Innovative design, evaluation, and performance of landfill liner systems
• Optimization and management of landfill operations • Environmental monitoring of municipal solid waste landfills
We firmly believe that bioreactor landfill technology can contribute to life expansion of old dumpsites and improve environmental sector in developing countries now and in the future.
